The "lipovirus" is a transmissible cytopathic agent isolated apparently from the blood of an infectious hepatitis patient' in the acute phase. Antibodies to this agent have been found prevalent in man, especially in those suffering with a disease clinically diagnosed as infectious hepatitis.2 When cultured cells are inoculated with the agent, the infectious process can be followed cytologically by a gross shrinkage of the cell nucleus, the accumulation of lipids in the cytoplasm, and the appearance of spongiform bodies.3' 4 High catabolic activities for deoxyribonucleic acid (DNA) and thymine have also been demonstrated within the infected human cell.5 At least 80 per cent of the cell DNA is degraded.5
It has now been found that cultured cells, infected with the lipovirus, can be kept in continuous cultivation for at least a period of 2 years, and that such cells retain the abnormalities described above.
Materials and Methods.-The cells were from a permanent cell line (Lich-1) that had been derived from human hepatic tissue. 6 The agent was a strain of lipovirus which had been propagated exclusively in Lich-1 cells since its isolation in 1954.
Two culture media were employed: (1) a standard medium consisting of 5-10 per cent inactivated horse or calf serum in a modified8 Eagle's medium;7 (2) an enriched medium consisting of the standard medium enriched with 0.5 per cent yeast extract and 0.5 per cent casein hydrolysate. The Lich-1 cells were grown as a monolayer on glass. They were incubated at 3637O in the standard culture medium.
Infected Lich-1 cells were cultivated as follows: a culture of cells was infected with about 10 infectious doses of lipovirus. After 7 days the cells were dislodged by shaking, and were transferred at a cell density of about 104 cells per ml to a culture tube (18 X 150 mm) containing 5 ml of the enriched medium. The new culture was kept upright during the incubation at 32-34°(an optimal temperature for the replication of lipovirus).9 Transfer of the infected cells was made routinely at intervals of 7-21 days by inoculating 4.5 ml of enriched medium with sufficient cells in 0.5 ml to give a cell density of about 104 cells per ml. Renewal or addition of nutrient in the interval between transfers was not found necessary. Some cell cultures were grown as a monolayer on glass slides to facilitate microscopic examinations.
Results.-In what follows, attention will be drawn to the characteristics of infected Lich-1 cells which have been grown in the enriched medium; such cells will be referred to as ILEM cells.
Seven days after the addition of about 10 infectious doses of lipovirus to a culture of Lich-1 cells, kept at 32-34°in standard medium, all cells were found morphologically altered as previously described.3 Further incubation of this infected culture, with or without the addition of fresh nutrient, resulted in a slow decline in cell numbers. When the enriched medium was added, increases in cell number by about five-to tenfold were regularly observed over a 7-day interval at 32-34°. Serial transfers of these lipovirus-altered cells at intervals of 1-2 weeks in the enriched medium have been successfully accomplished for over 2 years. Uninfected Lich-1 cells, similarly transferred in enriched medium, disintegrated completely within 14 days.
Two strains of ILEM cells, propagated for over 12 months, were subjected to certain morphologic, chemical, and immunologic studies. The results are described in the following paragraphs.~~~~~~~~~~~~~~~~~~~~~8 The appearance of ILEM cells grown as a monolayer on glass and stained with hematoxylin is shown in Figure 1 . All of the 2,000 consecutive cells examined retained the characteristic shrunken nuclei. About 2 per cent were binucleated. By use of the Feulgen stain for DNA, the basophilic ring of the shrunken nucleus was found positive (DNA), while the central basophilic dot was negative. Using a lipid stain, cytoplasms were found infiltrated with lipids. Examination of a live culture revealed, in addition, the presence of rounded cells with wrinkled and prominent "membranes" (approximately 5-10% of the total cell population); these were not seen in hematoxylin or Feulgen-stained preparations, presumably because they were less adherent to glass and were washed away in the process of staining. A cell with normal nucleus has not been encountered. Analysis of time-lapse cinemicrography film, taken under phase contrast at a magnification of 560X, revealed three instances of binary division of ILEM cells during the continuous monitoring of two different cultures kept at 33-34OC for a total of 45 hr. Cell division took place in approximately 6.5 min (Fig. 2) . It is not possible to state the total number of cells under observation, in view of the remarkable motility of these cells which continuously darted into and out of the field. At any one time the number of cells present per field ranged from 0 to 12 with an average of about 4.
Thin sections of ILEM cells in the 12th, 22d, 29th, and 30th transfers were observed in the electron microscope. The nuclei of the cells were less than one third the diameter of the nuclei of uninfected Lich-1 cells in standard medium, the cytoplasm contained numerous vacuoles and large osmophilic bodies, the mitochondria were devoid of normal-appearing cristae and contained membranous material in circular form, and numerous spongiform bodies appeared, similar to those previously described.4 Unlike the appearance of cells in the earlier study by Dunnebacke,4 individual ring elements of the spongiform bodies were found in the core of the shrunken nuclei, and aggregates of ring structures and occasionally an individual ring were found in about 20 per cent of the sections of mitochondria *~~~~~~~~~~~~~~~~~~~..~~~~~~~~~~~~. ( Fig. 3) . Bags of cytoplasmic material completely detached from the cells, and containing numerous aggregates of the ring structures, were also observed (Fig.   4 ).
Analyses of control and of ILEM cells for DNA, RNA, and protein were made. The cell suspensions were washed three times with 0.85 per cent NaCl, the cell number was determined with a hemocytometer, and the cells were lysed with 0.05 per cent sodium lauryl sulfate. Trichloroacetic acid was added to final concentrations of 10 per cent, and the insoluble materials were collected after one hr and further washed twice in 5 ml of 10 per cent trichloroacetic acid. These steps were carried out at 0-2'. The washed sediments were dissolved in 0.1 N NaGH.
DNA content was -determined with the diphenylamine, RNA per min. The radioactivity of CO2 from Lich-1 cultures containing thymidine-2-C'4 or adenine-8-Cl4 were not significantly higher than the background.
To determine if, after prolonged transfer, the ILEM cells still possessed immunologic characteristics of both human cells and of lipovirus, animals were immunized with the ILEM cells. The pre-and postimmunization sera were tested against human-cell antigens and lipovirus antigens. 8 The results are summarized in Table  2 . The rabbits responded to the immunization with significant rises in antibody The evidence seems good that, indeed, the individual, infected cells are multiplying in the ILEM cultures: (1) all cells examined, either by light or electron microscopy, show the morphological changes appearing in infected Lich-1 cultures (at 32-34°) 7 days after inoculation; (2) binary fission has been documented by time-lapse cinemicrography; (3) the ILEM cultures are shown to contain the lipovirus by antigenic tests and by infectivity assays; (4) uninfected cells, kept under conditions which support the multiplication of ILEM cells, degenerate completely within 14 days. These facts seem to rule out the alternate possibility that the ILEM cultures increase in cell numbers because of the presence of a few "contaminating" normal cells which continue to multiply and to provide new cells for infection.
The drastically lowered DNA content of the ILEM cells, as contrasted with the parent Lich-1 cells, is a surprising observation, suggesting the possibility that not all the DNA content of the parent cells is necessary for the maintenance of cell integrity and replication.
Summary.-Cultured human liver cells (Lich-1), when infected with the lipovirus, develop morphologic changes characterized by shrinkage of the nucleus, a lipid-infiltrated cytoplasm, and the appearance of inclusion bodies of spongiform structure. Such altered cells may be kept in continuous propagation (for at least 2 years) in a cell culture medium that is enriched with yeast extract and casein hydrolysate. Cells of these cultures continue to show the morphologic abnormalities of the infected cells, are infective when tested against normal Lich-1 cells, and are found to have catabolic activity for thymine and adenine. Chemical analysis shows that the continuously propagated, infected Lich-1 cells contain no more than 10 per cent of the DNA of the parent Lich-1 cells.
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